Abstract-The infrasonic wave signal that produced by the leakage of natural gas pipelines is a non-stationary signal. When the infrasonic waves signal propagating in pipes, it will get serious interference by external Environment, resulting in high misjudgment rate of leakage. So a new method detecting the leakage of natural gas pipelines was put forward according to the leak acoustic signal feature. This method is based on adaptive optimal kernel timefrequency analysis algorithm, through the short-time ambiguity function and the adaptive optimal kernel with time changing, achieve the time-frequency acoustic signal processing and the accurate judgment of pipeline leak acoustic signal when the pipeline is leaked.  Index Terms-pipeline leak, infrasonic wave, adaptive optimal kernel, time-frequency analysis
I. INTRODUCTION
With the development of pipeline transportation industry, pipeline safety problem is becoming more and more important. People have to pay more and more attention on natural gas pipeline leak detection. In the past few decades, people put forward many kinds of pipeline leak detection methods, such as flow balance method [1] ultrasonic detection method [2] , statistical , negative pressure wave method and so on [5] . Although they have many desirable place for the leak detection, but they still have many problems, such as not in real time on the long distance pipeline monitoring, Complex installation, high cost, can't detect small leakage, can't detect the location or orientation is not accurate. Now, more attention has been paid on the natural gas pipeline leak detection method based on acoustic wave [6] , research shows that pipeline leak detection method based on infrasonic wave, not only can monitor the pipeline micro leakage by real time, but also real-time monitoring long distance pipeline. It also has the advantages of convenient installation, high positioning accuracy, and can distinguish between leakage and other external interferences etc. However, when the pressure within the gas pipeline is low and the leakage is small. Because of the existence of outside interface and attenuation of acoustic wave in the propagation process of the pipeline within the lower pressure, resulting in infrasound wave that infrasound sensors received contains a lot of noise, increasing the difficulty of small leakage detection. In order to monitor the tiny leakage signal and eliminate the interference, we need to describe the time characteristics of acoustic signal in the pipeline through a suitable algorithm. Wigner-Ville distribution can well describe the time frequency distribution characteristics of non-stationary signals, have the very good application on Fault diagnosis and Short circuit detection [7] , [8] . Yang Hongying, Ye Hao and so on try the Wigner-Ville distribution in pipeline leakage detection based on sound wave firstly in 2011 [9] . But the Wigner-Ville distribution of the cross-interference terms has a serious effect on signal. So In this paper, we have achieved real-time processing of sound signal in the pipe by using an adaptive optimal kernel time-frequency distribution.
II. THE ANSLYSIS OF ADAPTIVE OPTIMAL KERNEL

A. Wigner-Ville Distribution (WVD)
Infrasound signal of the pipeline leakage belongs to non-stationary random signal. In a lot of time-frequency analysis theories, The WVD distribution have great advantages on signal processing of the infrasound signal generated by the pipeline leakage [10] .
The WVD distribution is [11] :
If make the Fourier inverse transform for the autocorrelation function ( , ) s Rt  about time factor "t", you can get another two-dimensional time-frequency distribution function [12] , fuzzy function ( , )
AF  : 
Viewing from the definition of WVD and fuzzy function, you will find both of them are about a linear transform of the autocorrelation function, the relationship between them is:
But for the signal that contains a variety of components, there are many cross-interferences in the WVD distribution. As shown in Fig. 1 . The simulation of a segment composite signal that composed by two linear FM signal after WVD transform, generating serious cross-interference term between the two Original signals. In order to restrain the cross-interference, many researchers have made many important improvements on the WVD, And Cohen have made a unified definition for these improvements.
( , )    is the kernel function that used to control the cross-interference in the Wigner-Ville distribution, But a fixed kernel functions is only suitable for a specific type of signal Time-frequency distribution, it can restrain the cross-interference and enhance the original signal, and get accurate time-frequency distribution; But for other types of signals, due to the lack of adaptive ability for different types of signals, the effect is actually unsatisfactory. In order to solve this problem, the researchers proposed adaptive time-frequency distribution based on the previous researches.
B. Adaptive Time-Frequency Analysis
Adaptive time-frequency distribution include adaptive time-frequency distribution based on the matching pursuit algorithm (matching pursuit); adaptive short-time Fourier transform (adaptive STFT), and Radial Gauss kernel time frequency distribution (RGOK) etc. Radial Gauss kernel time frequency distribution in the fuzzy domain can effectively extract the original signal and restrain crossinterferences. So that it can effectively restrain crossinterferes in the time-frequency domain, describing the original signal prominently [13] .
Radial Gauss kernel time-frequency distribution defines the kernel function that to be solved as twodimensional Gauss function with arbitrary profile along the radial profiles: 
Design a Kernel function matching the signal to find the optimal kernel function, which is transformed into solving the optimization problems: 
The constraint conditions:
 is the volume of the kernel function. The value is 1 5   . 
C. Adaptive Optimal Kernel Time-Frequency Analysis
RGOK is a global algorithm, just design a kernel function for the whole signal, But is doesn't suitable for the analysis of the signals that have the characteristics of time-varying. Idea that came up with AOK by Jones is a good solution for this problem [7] . The specific principle is: Define short-time ambiguity function * 2 AF( ; , ) ( 
In this Formula, () wu is the symmetric window function that regards t as the center, w t is the window length, when w ut  , ( ) 0 wu  , then use the formula (6) and (7) to compute the optimal kernel ( ; , ) t    . So the signal adaptive optimal kernel time-frequency distribution in the time [t-T,t T]  is:
The kernel function of AOK can adapt the local features of the signal with time changing. It has more obvious improvement on the description of the nonstationary signal details than RGOK. As shown in Fig. 3 , comparing with time-frequency distribution in AOK has better time-frequency Aggregation and can completely eliminate the cross-interference of the signal. 
III. THE SIMULATION ANALYSIS OF EXAMPLE
In order to verify the advantages of AOK that can be applied in pipeline leak detection. We collect the real leakage signal in natural gas pipeline for simulation of signal leakage. Verify the adaptive optimal kernel timefrequency distribution in pipeline leakage detection that can judge the status of the pipeline leakage very well
A. The Experiment Analysis
The signals in Fig. 4 and Fig. 5 are the acoustic signals under different levels of leakage which are collected with infrasonic wave sensor on the simulation of natural gas pipeline in the laboratory. The simulate pipeline is 130 meters in length and the diameter is DN15. When pipeline leakage simulation experiment is carried out, the pipe gas pressure is 0.45 MPa, and there is no other interference noise in the pipeline. The diagram about specific laboratory simulation pipeline is showed in Fig. 6 , the distance from leakage points to sound sensor is 70 meters. In Fig. 4 , the signal is the simulation signal of gas leakage, and then the sensor receives the leakage signal. Actually, we install a ball valve with diameter is 4mm and a plug that leakage aperture about 1mm at the end of valve. On the data acquisition stage with a ball valve opening and closing ,the valve is opened only 1/4 during the opening process, we can see the begin and finish of leakage and the status of leakage signal on the original sonic data. The collection of data lasts 28 seconds. The distance from leakage points to sound sensor is 70 meters.
In Fig. 5 , the signal is the simulation of gas leakage with an improvement at the leak point. The leakage signal collected by the sensor. In fact, the natural gas pipeline is very long, and the propagation of sound wave in pipeline has strong attenuation. In order to avoid vibration due to the process of opening and closing valve, and let the sensor only receive the acoustic wave that propagated by the medium of gas. So at the leak point we install a 10 meter high pressure acoustic attenuation soft tube on the pipe. And then at the end of acoustic attenuation soft tube we will install a ball valve with diameter is 4mm and a plug that leakage aperture about 1mm. On the data acquisition stage with a ball valve opening and closing, The valve is opened only 1/4 during the opening process, The collection of data lasts 45 seconds, but can't see the begin and finish of leakage and the status of leakage signal from the original sonic data. 
B. Conclusions
By studying the three typical time-frequency analysis methods, we can find that WVD's cross inhibition ability, anti-interference ability are weak. Although RGOK can inhibit cross-terms and has stronger anti-interference ability, but it is weak in time-frequency clustering and frequency resolution ability; AOK is the best in all aspects of the performance. Because the sound signals generated by the leakage of pipeline are transient and non-stationary, it has low frequency characteristics. So the choice of time-frequency analysis method must have stronger frequency resolution and time-frequency clustering ability, and it can accurately distinguish the time of frequency change. Therefore, the leakage of pipeline detection technology based on sound with AOK is able to accurately determine whether pipeline leakage or the leakage time. It has an important application value.
